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(54) IMPROVEMENTS IN OR RELATING TO MOULDING 
V ' COMPOSITIONS 



(71) We, DR. BECK & CO. 
AKTTENGESELL SCHAFT, of Hamburg 
28, Eiselensweg, Germany, 8 German com- 
pany, do hereby declare the invention, for 

5 which we pray that a patent may be granted 
tp us, and the method by which it is to be 
performed, to be particularly described in and 
by me following statement: — 

This invention relates to monldmg composi- 

10 dons for the manufacture of seif-esfingirishing 
synthetic resin rnouldings. 

It is well-known to mamifacmre self- 
extinguishing mouldings from moulding com- 
positions based on unsaturated polyesters. Such 

15 moulding compositions contain polyesters in- 
corporating greater of lesser amounts of halo- 
gens such as chlorine and bromine and possibly 
also synergistic materials, such as compounds 
of phosphoznis and antimony, additionally m- 

20 corpora ted into the resin molecule or added as 
fillers or softeners. Suitable formulations of 
such moulding compositions enable mouldings 
to be produced which, even after repeated 
exposure to the action of a flame or intensive 

25 ignition source, extinguish themselves on re- 
moval from the source within seconds; during 
ignition and thereafter, a loss of organic 
material occurs which, in the case of mould- 
ings have good self -extinguishing properties 

30 and after repeated exposure to a flame can 
lead to the complete loss of the organic (and 
hence combustible) material without any in- 
dependent continued burning over a protracted 
period of ^ being- observed at all. 

35 Although mouldings of this kind do not 
assist in the spreading of a fire, they do not 
represent a viable technical solution- The 
action of flame or other ignition source gives 
rise to the formation of corros ive gases, such 

40 as hydrogen chloride and hydrogen bromide, 
which can (themselves produce severe- damage 
to buildings and equipment, even where there 
has been no direct exposure to a flame. 
It is well known that the self -extinguishing 
45 properties, of mouldings can be improved by 
using moulding compositions containing alu- 
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minium hydroxide as a filler. For example, 
anti- tracking insulating material for use in 
electrical equi pm ent, is described in British 
Patent Specification No. 831,490, comprising 50 
a polyester resin filled with alunumum 
hydroxide. 

German Patent Specifiauloo No, 1182427, 
as laid open to public inspection^ describes a 
moulding composition with a basis of a 55 
chtome-contaming saturated polyester and 
containing aluminium h ydr oxide as a filler. 
The insulators manufactured from such a com- 
position exhibit improved tracking resistance 
and improved flame resistance; 60 

In Modem Plastics 1965, page 202; a 
polyester prernix system filled with aluminium 
hydroxide is stated to be comparable, at a 
30% resin- content, with 3 system comprising 
a halogen-bearing resin and antimony oxide so 65 
far as flame resistance is concerned. Again, 
the use of nitrogen compounds, such as meku 
mine or cyanuric add, has already been pro- 
posed. According to German Patent Specifi- 
cation No. L 15 202, in the case of cast resin 70 
insulators subjected to electric arcing, the 
tracking resistance is improved by the addi- 
tion or nitrogen-conmi n i n g compounds, such 
as melamine. 

British Patent Specification No. 1,130,121 75 
also describes unsaturated polyester ream com- 
positions containing melamme or cyanuric add 
as filler, for application in the cast resin field; 
these compositions give mouldings with im- 
proved tracking resistance. 80 

The stress due to the arc is relatively small, 
so that even small additions of aluminium 
hydroxide, or melamme, or cyanuric add, wiH 
suffice to produce adequate tTW ^ r Tng resistance. 

To obtain good self -extinguishing pro- 85 
perties, however, very large additions of these 
fillers are needed. By the term "self- 
extinguishing pr op erti es* ft i$ intended to 
indicate the above-described behaviour' in 
which, under the action of a flame, the organic 90 
constituents of the moulding are completely 
destroyed although at no point is any inde- 
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pendent continued baffling for a prot racte d 
period of time observed. To obtain such 
properties, three parts by weight of the fillers 
in question most be used to one part by weight 
of combustible organic material. It has 
already been mentioned that correspondingly 
gpiaiW additions produce an adequate effect 
if a ha 1 ngpT M^nt* tn * n g organic compound is 
also included. Mouldings of this kind, how- 
ever, lead in the event of fire to the secondary 
damage previously referred to. 

For the manufacture of mouldings, a variety 
of te chnical processes axe available. For many 
purposes, thermosetting mouldings are of par- 
ticular interest In order to manufacture such 
mouldings, a moulding composition is 
far ^Fryivi during funning. The forming opera- 
tion ****** in this ropnprfirmtj be carried out 
under normal pressure by simple casting, or 
under elevated pressure involving a moulding 
operation* For application as casting resins, 
only those m oii1 ^ Trt g compositions can be used 
which have a sufficiently low viscosity to 
enable forming to take place without the appli- 
cation of external pressure, 

By the addition of fillers to liquid mould- 
ing compositions, the viscosity & increased. 
With very high filling factors of the kind re- 
quired to achieve adequate self-extinguishing 
properties by the use of fillers .of the kind 
refe rre d to above, the increase in viscosity is 
such that processing by casting is no longer 
possible. Although it is now known mat such 
fillers impart flame-extuiguishing properties, 
this capability has not been exploited, in casting 
resin systems because the increase in visco sity 
encountered was thought to be excessive. It 
is accordingly an object of the present inven- 
tion to provide .moulding compositions for the 
production of self-ertmguishing cast resins in 
which the advantageous properties of alumi- 
nium hydroxide and mrfamine or cyanotic 
acid are made use of in the cast ream field. 

It has been found that when using unsatu- 
rated polyester resins modified by the presence 
of cyclic imide groups (the manufacture of 
which resins has already been described), then 
in order to achieve good self -extinguishing 
properties, a g n gn<y amount of such fillers is 
needed tfa*« with ordinary polyester resins, so 
that moulding compositions are obtained which 
can be processed by casting. 

This is surprising- because both unsaturated 
polyester resins without any imide groups, and 
unsaturated polyester resins with imide groups, 
bum equally welL 

According to the invention, there is pro- 
vided a moulding composition comprising the 
following ingredients: — 

(a) 30 to 40% by weight of the total of a 
polyester component consisting of or including 
a halogen-free unsaturated polyester contain- 
ing cyclic imide gr oup s with a cyclic imide 
group nitrogen content of at least 03% by 
weight of the polyester; 



(b) 5 to 25%*by weight of the total of 
aluminium hydroxide; and 

(c) 35 to 65% by weight of the total of 
melamine and/or ammeline and/or a m melide 
and/ox cyanufic acid, 70 
the percentages totalling 100%. 

Besides at least one er^-unsaturated di- 
carboxylic add, at least one polyhydric 
alcohol, the starting materials for the polyester 
may also fnrinde at least one monohydric 75 
alcohol and/or at least one mono or poly-basic 
saturated, aliphatic, cydoah'phatic, or aro- 
matic carboxyuc add; at least one of the start- 
ing materials providing cyclic imide groups in 
the final polyester. 0 80 

The moulding composition may, if desired, 
include at least one copoJymerisable monomer, 
together with a polymerisation initiator and, 
if desired, a polymerisation accelerator and/or 
a polymerisation inhibitor, the m o n omer , 85 
tTTTtEimr a nd accelerator and/or inhibitor 
when present being counted in with the poly- 
ester for the purpose of calculating the pro- 
portions of polyester and fillers in the com- 
position* # 

The preferred component range of the in- 
vention is shown by cross-hatching in the tri- 
angular graph shown in the acc o mp anying 
dm wing* 

The moulding compositions of the present 95 
invention may accordingly remain (1) alu- 
minium hydroxide, (2) melatnme and/or 
ammeline and/or arnmelide and/or cyanuric 
acid, (3} a condensation product of maldc 
acid and/or fumaric acid with one or more 100 
polyhydric alcohols, and possibly also one or 
more monohydric alcohols, together with, if 
desired, one or more other m o no basic or poly- 
basic carboxylic adds, at least one of the com- 
ponents used containing cyclic imide groups, 105 
(4) at least one monomelic eopo ^meri s aole 
substance, such as, for example, styrene, 
acrylic add esters and substituted vmyfijen- 
zenes, (5) substances, such as organic 
peroxides, which initiate polymerisation, and HO 
(7) possibly substances such as tertiary 
aromatic, amines or cobalt soaps, which 
accelerate polymerisation. As far as the appli- 
cation of the moulding compositions of the 
invention is concerned, it is advantageous Id 115 
produce mixtures of all the components of 
the molding c om position with the exception 
of the compounds which initiate polymerisa- 
tion; such mixtures have adequate storage 
properties and can be dispatched by normal 120 
means of transport. They can then, after the 
addition of the substances, which initiate poly- 
merisation, be haTrim*^ to form mouldings in 
a short time at room temperature, or at 
slightly higher temperatures. 125 

As those skilled m the art will appredate, 
tfae electrical volume resistance and the _ di- 
electric loss factor of mouldings are impaired 
by the content of aluminium hydroxide. It 
would therefore be desirable to employ as the 130 
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filler which imparts the non-flammahle pro- . 
perty, nitrogen compounds only, such aB 
melamine and cyannric add, if dm were 
possible. The mouldings produced in this way, 

5 however, have less favourable properties 
when subjected to the action of a flame. These 
mouldings, after removal of me igniting flame 
and after being extinguished, tend to rea gnitg 
even if very large amounts of the nitrogen 

10 compounds are included. The above mentioned 
mixtures have been found to be surprisingly 
suitable. Preferably, aluminium hydroxide of 
the formula Al(OH)« with a mean grain size 
of about 35 ih and melamine with a mean 

15 gram size of about 20 will be used. 

The moulding cornpositians in accordance' 
with the invention can* be used with advan- 
tage in all those electrical engineering insulat- 
ing situations where improved fjreproofing is 

20 required. Particularly useful fields of applica- 
tion include the impregnation of high voltage 
transformers and voltage multipliers in tele- 
vision sets, and the insulation of busbars in 
high voltage systems. Compared with the 

25 known moulding co mp os i t i ons used for the 
manufacture of self -extinguishing mouldings, 
the compositions of the present invention have 
the advantage that they cam be processed 
under normal pressure, have good storage 

30 characteristics, have excellent self-extmguishing 
properties and have good electrical properties. 

The invention will now be further described 
with jp? ^ r '* rtgg to specific examples of com- 
positions according to the invention and of 

35 - compositions not according to the invention 
for comparison purposes. In the examples, all 
percentages and ratios are by weight. 
I. Manufacture of an unsaturated polyester 
(2 ) (standard product) 

40 Propylene glycol 33 mol 251 g 

maleic anhydride 2 mol 196 g 

Tetxabydrophthalic 

anhydride 1 mol 152 g 

Hydix>quinone 0.1 g 

45 The starting materials listed above were 
heated m a one-litre three necked flask 
equipped with a stirr e r , a thermometer and a 
distillation head, for six hours to a tempera- 
ture of 190° C, and maintained for a further 

50 two hours at this temperature-, whereafter 
50 ml of aqueous disnllatr? were distilled off. 
Subsequently, a slowly increasing vacuum was 
applied and condensation carried out at 190° 
and 30 mm Hg until the add number was 

55 40. The unsaturated polyester so obtained was 
mixed with 0.01% by weight (0.06 g) of 
benzoqumone and dissolved in 300 g of 
styrene. 1% of a 10% solution of cobalt 
octoate in styrene, calculated on the final end 

60 product, was then added. 



II. Manufacture of an unsaturated polyester 

(2) containing imide groups 
j^^.hydroxyet hyl urtrahydio- - 

phthalic imide 2 mo! 390 g 

Maleic anhydride 3 mol 294 g 65 

Neopentyglycol 1 mol 104 g 

Glycerol I mol 104 g 

Hydroquinone 0.1 g 

In a manner similar to the manufacture of 
the polyester (1) an unsaturated polyester 
was produced from the starting materials 
listed above, which, after completion of the 
vacuum condensation phase, has an add 
number of 25. After the addition of 0.1 g. of 
benzoquinone and- 450 g of styrene together 
with 1% of a 10% cobalt octoate solution 
(calculated on the end product), an unsatu- 
rated polyester resin with & viscosity of 1000 
cP was obtained. 

As evidence of the surprising advantage of 
the resin modified by the imide groups over 
the standard resin, both materials were used 
with alurninium hy droxide F (a product pro- 
duced by Martinwerke GmbH, Bergheim- 
Erft) to produce filled moulding compositions. 
In e ach case, after the addition of 1% of 
methylemylketone hydroperoxide, die mould- 
ing compositions were mixed in a 50% ratio 
with dimethyl phtbalate, and poured into and 
hardened in test tubes of 15 nun internal 
diameter. 

To assess the self -extinguishing 
after removing the hardened mould 
these test tubes, the mouldings were 1 
angle of 45° above the tip of the blue cone of 
a Bunsen burner flame with a 6 cm cone length 
and 12 cm total flame length. The test rods 
were in each case subjected to the action of 
the flame for 15 seconds, after which the after- 
burning time was record ed . The test was 
repeated until an after-burning time of longer 
than 10 seconds was en co un t ered. The number 
of ignitions up to this point is a measure of 
the quality of the self-extinguishing proper- 
ties. It has been found that longer after- 
burning does not occur if more than 10 
ignitions are used. From Table I below, it 
can be seen that the imide^modified, unsatu- 
rated polyester resin (2) filled in the ratio of 
40 to 60% with aluminium hydroxide, satis- 
fies the requirements imposed. The standard 
with a crrntprtt of 



resin, however, even witJ 
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aluminium hydroxide in the moulding, does 
not match up to the specifications. Moulding 
compositions with higher filler contents cannot 
be processed by die casting technique. Evert 
with an aluminium hydroxide content below 
this level, the advantage of the imide modified 
is soil dearly evident from Table I. 
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HI. Manufacture of an imide-Tnodified, 
unsaturated polyester (3) 
N^-hydiaxyediyketrahydio- 

phtbalic imide 1.9 mxA 351 g 

5 Maldc anhydride 1*2 moi 118 g 

Neopentylglycol 5.4 moi 562 g 

Trimctbyldpropane 0.6 moi 80 g 
Adipic add 6.0 moi 876 g 

Hydroquinone 0.01 g 

10 N-^-hydroxye±yltetrahydropbthfllic imide 
and maleic anhydride were introduced into 
the apparatus described with reference to the 
manufacture of the polyester (1) and h eate d 
to 80°C, whereupon an exothermic reaction 

15 commenced and the temperature rose to 
130°C 

After this reaction* the remaining starting 
materials were added. Heating was then 
carried out to 210°C over' 7 hours. After a 

20 further two hours at this temperature, the add 
number was between 50 and 60* Thereafter, 
over a period of 2 hours, a vacuum was 
applied and raised to 30 mm Hg. At 210°C 
and 30 T""? Hg, condensation was carried out 

25 for 2 hours after which the add rmmber had 
dropped to 21. The resultant polyester resin 



was dissolved in a ratio of 2:1 in stymie and 
mixed with 1% of a 10% cobalt octoate 
solution. 

This resin, when hardened, yielded highly 30 
elastic mouldings.- Moulding compositions, 
produced using this resin, are suitable as in- 
sulating coatings for quite large systems. With 
a resin of this kind, the disadvantageous elec- 
trical p ro perties of the aluminium hydroxide, 35 
are particularly evident (see for mtnple the . 
dielectric constant in test 3 of Table II 
below). From the other tests in Table H the 
reason for the restriction of the content of 
aluminium hydroxide will be abundantly 40 
dear. If melamfne only is used as the filler, 
then the self-extmguisbing pr oper ti es are in- 
adequate (compare for example the ignitions 
in tests 4, 6 and 7 of Table n). Mixtures of 
aluminium hydroxide and mHamine within 45 
the limit s of the present invention* (compare 
tests 1, 2 and 8 of Table II) are particularly 
suitable as far as number of ignitions end 
dielectric constants are concerned. m 

At least a part of the melamine may, if 50 
desired, be replaced by ammnlme and/or 
ammelirie, and/or cyanuric acid. 
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WHAT WB CLAIM IS:— 
L A moulding composition comprising the 
following ingredients:— 

(a) 30 to 40% weight of the total of 
5 a polyester component consisting of or in- 
- eluding a halogen- free unsaturated polyester 
containing cyclic imide groups with a cyclic 
imide group nitrogen content- of at least 03% 
by weight of the polyester; 
10 (b) Jf to 25% by weight of the total of 
aluminium hydroxide; and 

(c) 35 to 65% by weight of the total of 
ny torpfoe and/or amfficline and/or ammelide 
and/or cyanuric acid, 
15 the percentages totalling 100%. 

2. A moulding composition as claimed in 
Claim I* wherein the starting materials for 
the formation of said polyester include at 
least one ^^-unsaturated dicarboxylic add or 

20 anhydride, at least one polyhydric alcohol* and 
optionally at least one mouohydric alcohol 
and/or at least one mono or polyhasic satu- 
rated aliphatic, cydoaliphadc or aromatic 
carboxylic add, at least one of the starting 

25 materials serving to provide cyclic imide 
groups in the final polyester. 

3, A moulding composition- aa claimed in 
Claim 1 or Claim 2, wherein said polyester 
component fnrlnries at least one monomer co- 

30 polymerisahle with said polyester and a poly- 
Tpgri t ffltTnjn initiator*' 



4. A moulding composition as rfafmpd in 
Qaim 3, wherein said polyester component 
includes a polymerisation accelerator. 

5. A moulding composition as claimed in 
Claim 3, or Qaim 4, wherein said polyester 
component includes a polymerisation inhibitor. 

6. A moulding composition as claimed in 
any one of Claims 3 to 5, wherein' said copoly- 
mer! sable monomer is styrene. 

7. A moulding composition as claimed in 
any one of the preceding claims wherein said 
aluminium hydroxide has a grain size of 
about 35 ji. 

8. A moulding composition as claimed in 
any one of the preceding claims wherein in- 
gredient (c) is melamine having a mean grain 
size of. about 20 /*, 

9. A moulding composition as claimed in 
Claim lj substantially as hereinbefore des- 
cribed with reference to Table H. 

10. Self-extinguishing mouldings produced 
using a moulding composition as ri a * mt ** in 
any one of the preceding claims, 

For the Applicants, 
G. F. REDFKRN & COMPANY, 
St. Martin's House, 
177 Preston Road* 
Brighton, BN1 6BB 

— ■ and ■ 
317 High Holbom, 
. London WC1V TNG. 
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